An extension of Barker's method to ternary systems is briefly outlined. Expressions for the standard deviations of the excess molar Gibbs free energy and the equilibrium pressure as functions of composition are Ž . obtained. These expressions are applied to accurate experimental data for the cryogenic liquid mixture CH F q N Oq Xe recently measured in our laboratory. q
Introduction
Ž . In the experimental determination of vapour-liquid equilibrium VLE using isothermal static cells the measured properties are the equilibrium pressure P of the mixture and the amount of substance exp n of each component introduced into the cell. Reduction of these data to obtain P-x-y phase i w x diagrams is usually made by using Barker's method 1 . This method has been widely used for binary and ternary systems but in most cases the statistical analysis of the errors associated with it has not w x been reported. Goral 2 described a procedure to carry out such analysis for binary systems, and w x E Kolasinska et al. 3 applied it assuming the Wilson model for the excess molar Gibbs free energy G . In this paper we have extended this kind of study to ternary mixtures, and applied it to VLE data for Ž . Ž . Ž . w x the system CH F 1 q N O 2 q Xe 3 and its constituent binaries, at 182.33 K 4 , recently obtained 3 2 in our laboratory by a modified version of the accurate low-temperature technique introduced and w x w x developed by Davies et al. 5 and Fonseca and Lobo 6 . Since the equilibrium pressure is a nonlinear function of the adjustable parameters in the assumed G E model expression, Barker's method embodies a nonlinear regression technique. Therefore, the ( )uncertainties associated with such parameters are to be obtained from the variance-covariance matrix w x E 7 . Using the propagation law of errors the standard deviations surfaces for P and G as functions of composition for ternary systems can be calculated. In this paper we report on such calculations.
Barker's method: outline of application to ternary mixtures
In essence Barker's method optimizes the parameters in the assumed expression for the liquid composition dependence of G E through an iterative procedure which minimizes the sum of the squares of the pressure residuals R ,
The calculated equilibrium pressure P is obtained from
where x is the mole fraction of component i in the liquid mixture, g is its activity coefficient, and
Ž . b is a factor which mainly takes into account the vapour-phase non-ideality, usually through a i two-term virial equation of state,
In these expressions y represents the mole fraction of i in the vapour, P ) and V ) are the vapour 
Ž . Ž . i i i i i
Expressions for the activity coefficients are derived from the rigorous thermodynamic relationship
and the superscript L refers to the liquid mixture. For ternary systems we have
Ž .
all binaries where the binary terms g E , and the ternary one g E are assumed to be Redlich-Kister functions of i j 123 the mole fractions in the liquid, Equilibria 154 1999 205-211 207 In these expressions A , B , C , c , c and c are the adjustable parameters mentioned above. From
Ž . Eqs. 5 and 6 the activity coefficient of component 1 becomes Ž .
Ž . Similar expressions for ln g and ln g are obtained from Eq. 9 by circular change of subscripts. 2 3 The activity coefficients are functions of the liquid composition and of the parameters present in the G E model. Values for the parameters A , B and C are arrived at from binary data alone while Ž .
All the summations in these matrices are taken over all the M ternary experimental points. The w x Ž . Ž . elements of matrix L are obtained directly from Eq. Ž . uncertainty incorporated in s as shown by Eq. 14 . Three independent variance-covariance matrices p for the binary systems are obtained exactly in the same way. They are also independent from that for Ž . the ternary system. Indeed each set of binary data and the ternary one concerns a different mixture Ž . embodying different experimental uncertainties and originating different values of s 15 . 
The uncertainty associated with any other variable which is itself a function of the optimized parameters mentioned above, namely the G E function, is readily obtained as follows. Let f be a function of parameters a, b, and c, Ž . Expressions similar to Eq. 17 omitting the covariance terms have been used. However, these terms can often make a significant contribution to the estimated value of s 2 , and therefore should not be f w x neglected 8 .
E
Applying Eq. 17 to g defined by Eq. 6 , an expression for the standard deviation surface of G as a function of the composition of the liquid mixture is obtained: The total number of parameters whose uncertainties contribute to s E is, therefore, twelve: three G for each binary mixture, and three for the ternary term.
Ž . 
w x at 182.33 K, using experimental data recently obtained in our laboratory 4 are summarized with their respective standard deviations in Table 1 . The calculated covariances are listed in Table 2 . The standard deviations surfaces s E and s are represented as functions of the liquid mole fractions in Ž . the ternary system. The higher values of these deviations near the N O 2 q Xe 3 binary region are a 2 consequence of the comparatively much higher values of the parameters standard deviations for this binary mixture. The value of s E for the equimolar ternary mixture is about 6 J mol y1 , half of which G arises from s E .
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